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1 .  In t roduc t ion

1’S1{  JO045–7319 (1’S1/ 110042- 73) was discovcml  i]] a sjrstc]lla(,ic  srarch  of
tllc Nlagcllanic  C louds  foI radio l)ulsars (Mc(;o]I]IcIII cl CI1.  1 991). ‘1’IIc  ])ul-
saI”s  associat,ioll  wit]l  t,]ic SiMC i s  cvidencd I)y its IIigll dis]wrsioll  IIlcasurc
of 105 pc cl]] ‘ 3 , si]Ice II]odc]s of t,lic g a l a c t i c  clcctroII  flistril~utioll  account,
f o r  n o  ttlorc  tllall w25 lx C]n-’+ along that lillc of s i gh t  (’lhylor  S’ C! OMICS
1993).  1’S1{ ,10045–7319 is tlI(’  o])]y  lil]()\\]i radio l)ulsat i]] t,ll( Sh4(~, atld  is
t Ilc l)lost clistalll pulsar I;]]ow  II.

l{aclio tilnilig olxcrvatiolls  o f  t,llc l)ulsar by lias])i rl al. (1 994) IIavc
s]lowl] that, it is ill a 5]  day bi)lary orbit,  lvitll  a co]n])a]lion  IIal’i])g  a ]ni])i-

n~uln ]Ha.ss of 4 MO). Altllougli tllc pulsar  is a fi~i]lt  source (its fll]x density
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F:gtlrc  1. Relative sizes of the 1’S1{s }11259–63 and Jo(M5-7319  orbits, assllming
IO M. companions in botl) cases. ‘1’he orbits of both I)inary con]po]wi(s  arc shown.
Crosses mark  locations of t]w binary  centers of mass.

b at 430 Mllz  is only *I nlJy),  its large distance makes it easily the most
luminous bina,ry  radio pulsar known. Optical observations in tllcdircction
of the pulsar have revealed a V==](3  mag 111 star at tllc timing  position.
!l’he probability of chance  alignment being small, we conclude that  the
1’SR JO045–7319 binary  system is the sm.ond in a ncw class of binary  pul-
sars Ila,ving ma.ssivc,  non-d cgcwcratc companions. “J’he first example of such
a. systcm  was J’Slt 111 259–63, reported  by Joh]~ston  c~ (/1. (1 992) a.ac] also
discussed in this volume by Johnston. A schematic drawiag  of the rela-
tive sizes of the two orbits is given in I’igurc 1, wl)crc  we have assumed
10 Mm companions in both systems, consistent wii,h estimates from optical
photomct ry a ad spcct rose.opy.

2. T i m i n g  P r o p e r t i e s

We have ]nadc  timing observations of 1’S11 JO045--7319 for 3.3 yr at the
64-m Parks radio telescope. We obtained a total of 155 pulse arrival times
from February 1991 through June 1994. Most, observations were maclc  at
430 M1lz however a few were made at 660 and 1520 L411z. “1’he stanclard
pulse timing  analysis was done using the TEM1’O soft~vare package (’.l’aylor
& Weisbcrg  1989). The  best-fit tinlingj  model iaclucling  astron]el  ric, spin,
and Kcplcrian  orbital parameters is given in l’able 1; the postflt  residuals
after subtraction of this model  are shown in l~igurc 2 versus date and in
Figure 3 versus orbital phase.
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‘l$AIIJX  1. A.stromctric,  Spin, ancl Orl)ihl l’atalllctms fol 1’S1{
JO045-7319  assuming a l<cl,lcria]l orbit.
— — — — .

]lig]lt.  Asmosion,  a (J2000) ()()1’  ,]~’” 35’ .0:) -J () .lJ~’
I)rclil]ation, d (J2000) -73” ]{)’  03’’.1 3 ()”,3
1 ‘cried, 1’ 0.926275835356(15) s
l’cried lkrivatiw, } 4.486(1) x 10-’5

ltpoch  ofl’criocl N4JI) 4s964.2000
Orbilal }’cried, 1’6 51. IU)W3(3)  days
Projeclccl  semi-major axis, a}jsini 174.2540(8) It s

l.cmgitudc  of periastroll, cd 115”.2537(7)
lkcelltricity, r 0.807995(5)
Kpocll  of l’criastroa MJ1) 49578.56742(3)
1{.M.S.  Litniagrwidual 15 Ins

—— ———— ..—. — .—— -

L’cgurc2.  Residuals vwsus  (imcusing dlc model given ill ‘lhlk 1.

3. D i s c u s s i o n

‘1’hc residuals i]] l~igures 2 and 3 clearly show significant, deviations from
the straightforward spin-down and Kcplerian  orbit model.  \Vc consider here
possible origins of the deviations. WC note, however, that the deviations,
though significant, are low-level, with maximum cxcursiom  under 5% of the
pulse period. Thus, we arc dfcctivcly  probing the details of the dynamics
of this ma.i n scq uencc star bins ry system with u n prcc.edented  precision.

3.1. ‘1’IMING NOISI1?

Deviations from simple.spin  down modck  anlo~ll~til~g  to sigl~ifical~t fractions
of the pulsar period arc frequently seen in timing  data from isolated pulsars
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Figure  3. Iksicluals  vcrsm  orbital phase using, (11(, model  give]] in ‘Ikhlc  1.

(e.g. A rzoumania]]  et al. 1994, Kaspi 1 !394  ), and are usually ascribed to
rotational imtabi]itics  inherent  to the pulsar itself. The timing  residuals

* for l’Sll JO045–7319,  however, do not share  tile salient characteristics of
standard “timing noise.“ ‘1’iming noise typically has a “ml” spectrum, that
is, has more power at long time scales, with spectral  indexes ranging from
-2 t,o –6 (Groth  1975). IJy contrast, the rcsidua]s for 1’S1{ JO045-7319  as
sliovJJl  ill IJigum 2 SI1OW no sign o f  Iong-tcr]ll 111 CJd U!~tj C)ll. ]Jurthcr,  timing
noise is a phenomenon  n~ost  comnlon to young pulsars ha.vi]]g characteristic
ages P 105 yr, and has bccm shown to be corrcdakd  with 15 (Cordcs  &
IIowns  1 9/35). Ilere,  howcser,  the pulsar’s clla.ractcristic.  age is 3 x 106 yr; its
1“’ is c.orrcsponding]y small. ‘1’]] us, standard pulsar timing  noise seems an
unlikely source of the residuals.

3.2. AI) I)l’1’lC)NAI, OllJ~ITA1. COh41’ANION?

Unmplaincd  deviations of pulse arrival times from simp]e  spin-down models
have also been used as evidence for an unseen orbital companion (I]aclicw,
Foster  & Sal] men 1993; Thorsett,  Arzou]nanian  & ‘1’aylor  1993). Prom l’~ig-
urcs 2 and 3, it is clear that any additional orbital companion must, have
al] orbital period much shorter  than the length of the data span. Ilowcvcr,
a. l~ourier transform of the rcsid ua]s revca]s no obvious period icities.

3.3. A1’SIDA1, AI>VANCIt?

inspection of the residuals as a function of orbital l~hase (Fig. 3) reveals
no obvious trends such as might, bc cxpcctcd  for a secular variatiol~  of a
sing]c Keplcriar]  parameter , such as the longitude of pcriastron.  Apsiclal
advance  at the level  of a few hundredths of a dcgrcc pcr year is expected
in this system beta.usc of the tidal clcformation of the companion nmr
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I’igure  ~. Rcsicluals versus time at two periashon  cpoclw.  ‘J’lw upper pa]]cl  is aroul]d
pe]iastron on MJ D 48964, while lhc lower panel is arout]d  pcriast ron of hfJ 1) 49527, 11
orbits  Iatcr. I’cn. iashon is at orbital phase 0.0/1 .0, and the timing modd uscd is givcm in
‘1’abk  1. l’}lc duration of tt]c orbital pl]ase interval slIowlI  i]) t licsc (igurcs is 10 days.

pcriasLroll, as wel l  as  f rom r o t a t i o n a l  dcformatio)l of t II(’  co]npanioll a n d

P
general  relativistic dfcc.ts (Kaspi c1 al. 1 994), SUch an dfcct  would be at a
similar Icvel to the observccl  cicviations from the l(cplerian  orbit,  but would
have an obvious signature.

3 . 4 .  l)lSI’lIHtSION  MEASURI1 VAl{lA~’10NS?

in Figure  4 wc show two wwll-samp]cd  rcsid  ual tinlc series, bot.11 taken
around  periastron. The upper panel shows the residuals as a function of
orbi tal  phase (wllic.11  is also til)lc  since wc aw IOoliillg  at a single orbit) at

pcriast,ron on MJI”) 48964. All clata at t,his epoch were talien at 430 h411z.
q’l]eobviolls  sj’stclllatict  rell(l could beduc to al] o]lJital-jJllas(’-(  lc1)cl]clcllt
variation in thelinc-of-sightj  integrated electron density, thedispcrsion  mea-
sure, duc to a]~ ionized wind from the 11 star. A variation in t.lle integrated
clcc.tron density  will result in time delays or advances  of the pulsar sig-
nal because  radio waves arc dispersed by free clcc.trons  according to the
standard 1/~2 plasma, law, where j is the observing frequency.

“I’otest ttlisl]y]~otl~csis,  werepcatecl  thedctailcd  l)cliastro]]ol~sc]~’atio]]
11 orbits  Iatcr,  this time,  observing at three different radio frequencies, 430,
660, and 1520 Mllz.’I’he  results ofthcsc  June 199401~sc]\’atio]  ]sarcsllo~\’1]
in the Iowcr pane] of Figure 4. It is clear that arrival Limes al all frequencies
arcconsistcwt  within the measurement uncertainties, fvhicll argues strongly
against tllc stellar wind as an origin of tllc timing  residuals. ‘J’hcse  results
can be used to set an interesting and uniquely direct  limit, on the IJ star
mass loss; the implied upper limit on fl~ is N 10–]1  ME) yr-’  for a wind
velocity of 1000 km s-].
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3.5. ‘1’IIJA1>  IN’I’II:I{AC’I’ION?

III the absence  of altmmativcs, a remaining possibility for thP  origin of the
l’SIt  JO045–7319 residuals lies in a gravitational interaction lmtuwn the
components that results in a dcforma.tion  of the compa]lio])’s  f[eld. IIowever
such possibi]itics  have hen  considcrcxl  ill detail i]] recent wc)rli by Ku mar,
Ao & Quatacrt (19!34),  who conclude that apart, frc)l)l  a]xidal  advance, no

deviations from a Kqlcrian  orbit  should be dctmt,able.

4 0 C o n c l u s i o n s

‘J’iming  observations of the 1’S1{ JO045–7319 Lina]j’  systcl)]  over a 3.3 yr
period have revmlcd  systematic deviations of puke  arrival times from a
simple Kcplerian  orbit.  We llavcconsiclcred several possible origins of these
deviations, however their origin remains unckmr. 111 l,lle procms,  however,
we have set a limit oli nlass loss from the 1] star that  is IoIv, but not incom-
patible with other high]y  l]lo(lcl-cle]~c]ld(’llt  (1(’tc]]~]i]}atiolls  of 11 star mass
loss rates (Snow 1 982). ‘1’hc systematic variation in tllc residuals near pcli-
astron  suggests they  arc due to a. dynamical interaction Imtwem the neutron

M star and 11 star,  rather  than to the neutron star itself. ‘1’bus, the above tim-
ing results provide strong  evidcl]ce against a proposed black llolc/pulsar
model  of  the 1’S1{ JO045–7319 systm (I,ipunov, l’ostllov  S7 l’rokhorov
1994 ) (indcpendcmt,  of the persuasive optical olmrvations)  since a ncmtron
star/black  hole binary  should be an extremely clean system,  silnilar to the
well-studied neutron sta.r/neutron star binaries (e.g. “J’ay]or  & \Veisbcrg
1989).
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